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VARIABLE DISPLACEMENT COMPRESSOR 
Technical Field of the Invention 

The present invention relates to a variable displacement compressor used in an 
air conditioning system for vehicles, etc., and specifically to a variable displacement 
compressor capable of performing a variable displacement control at a high reliability 
with no foreign matter accumulation in a passageway provided for the displacement 
control and capable of simplifying the processing of the compressor. 

Background Art of the Invention 

As a variable displacement compressor provided in a refrigeration circuit of an 
air conditioning system for vehicles, etc., a compressor such as one disclosed in JP-A- 
2000-18172 is known. As depicted in Fig. 3, this variable displacement compressor 
50 has a cylinder block 51 with a plurality of cylinder bores 51a, a front housing 52 
provided at one end of cylinder block 51, and a rear housing 53 provided to cylinder 
block 51 via a valve plate device 54. A compressor main shaft 56 is provided as a 
drive shaft across a crank chamber 55 formed by cylinder block 51 and front housing 
52, and an inclined plate 57 is disposed around a central portion of the compressor main 
shaft. Inclined plate 57 connects a rotor 58 fixed to compressor main shaft 56 and a 
connecting portion 59. 

One end of compressor main shaft 56 extends to an outside through a boss 52a 
protruded toward an outside of front housing 52, and an electromagnetic clutch 70 is 
provided around the boss 52a via a bearing 60. Electromagnetic clutch 70 comprises a 
rotor 71 provided around boss 52a, a magnet unit 72 contained in the rotor, and a clutch 
plate 73 provided on one outer end surface of the rotor. One end of compressor main 
shaft 56 is connected to clutch plate 73 via a fastener 74 such as a bolt. A seal member 
52b is inserted between compressor main shaft 56 and boss 52a, thereby isolating 
between the inside and the outside. Further, the other end of compressor main shaft 
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56 is present in cylinder block 51, and it is supported by a supporting member 78. 
Where, labels 75, 76 and 77 indicate bearings, respectively. 

A piston 62 is inserted free to be slid into cylinder bore 51a. The periphery of 
inclined plate 57 is disposed in a recessed portion 62a formed at the inside of one end of 
piston 62, and by forming a structure for engaging piston 62 and inclined plate 57 to 
each other via a pair of shoes 63, the rotational movement of inclined plate 57 is 
transformed into the reciprocating movement of piston 62. 

A suction chamber 65 and a discharge chamber 64 are formed in rear housing 53 
separately from each other. Suction chamber 65 can communicate with cylinder bore 
51a via a suction port 81 provided on valve plate device 54 and a suction valve (not 
shown), and discharge chamber 64 can communicate with cylinder bore 51a via a 
discharge port 82 provided on valve plate device 54 and a discharge valve (not shown). 
Suction chamber 65 communicates with crank chamber 55 via a gas chamber 84 formed 
at a shaft end extended portion of compressor main shaft 56, through an opening 83 (a 
fixed orifice). 

A displacement control valve 10 is provided in a recessed portion of a rear wall of 
rear housing 53 in this variable displacement compressor 50. As depicted in Fig. 4, 
displacement control valve 10 is provided in a containing portion 53a for a control 
mechanism, which is formed as a recessed portion at one end of the inside of rear 
housing 53. Displacement control valve 10 has a valve casing 1 comprising a valve 
casing body la and a cap member lb provided at one end of the valve casing body. A 
bellows 2 is disposed as a pressure sensing means in a pressure sensing space formed at 
one end of valve casing 1. Bellows 2 comprises a bellows body 2b, shaft members 2d 
protruded inward from both ends of bellows body 2b so that the tips thereof are 
spacedly separated, an inside spring 2a disposed in bellows body 2b, and a supporting 
member 2c provided at one end of bellows body 2b continuously from one end of one 
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shaft member 2d, and the inside of bellows body 2b is set substantially at a vacuum 
condition. Further, a spring 3 is disposed around supporting member 2c so as to press 
bellows body 2b downward in the figure via shaft member 2d. This bellows 2 
functions as a pressure sensing means for receiving a pressure of suction chamber 65. 

A rod guiding hole lc is provided in casing body la through the displacement 
control valve in its axial direction. A pressure sensing rod 4 is inserted into rod 
guiding hole 1 c of casing body 1 a and supported by casing body 1 a at a condition where 
one end of the rod is brought into contact with the upper end of supporting member 2c 
of bellows 2. A valve body 5a formed as a large diameter portion at one end of valve 
mechanism 5 is brought into contact with the other end of pressure sensing rod 4. 
Because bellows 2 and pressure sensing rod 4 as a pressure sensing means are 
operationally connected to each other, valve body 5a opens/closes communication 
passageways 66, Ig, Id, leand68 between discharge chamber 64 and crank chamber 55 
in response to expansion of bellows 2. A fixed iron core 7 provided on the upper end 
of casing body la at a contact condition for slidably supporting valve shaft 5b of valve 
body 5a is disposed around valve mechanism 5, accompanied with rod guiding hole 7a, 
and a valve chamber 6 is formed by casing body la and one end portion of fixed iron 
core 7. 

Valve chamber 6 communicates with discharge chamber 64 through a 
communication passageway 68, a space 14 and a communication passageway le. 
Further, a plunger 9 is provided on the other end of fixed iron core 7, and a tube 8 is 
provided so as to cover plunger 9 together with fixed iron core 7. A plunger chamber 
1 1 is defined by fixed iron core 7 and tube 8. A communication passageway 13 is 
provided so as to communicate between plunger chamber 1 1 and suction chamber 65 via 
a communication passageway 67, a hole If and pressure sensing space 15. An 
electromagnetic coil comprising a solenoid 12 as means for applying a magnetic field, 
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which acts an electromagnetic force to a gap between plunger 9 and fixed iron core 7 
and acts the electromagnetic force to valve body 5a via a valve shaft 5b (a solenoid 
rod), is provided on the outer circumferential surface of tube 8. 

Using the displacement control valve mechanism 10 thus constructed, a 
displacement for discharge is changed by adjusting an opening degree of a control 
passageway connecting between a discharge pressure region and a control pressure 
region (that is, a crank chamber pressure region). 

In the above-described variable displacement compressor 50, the discharge 
pressure supply passageway from discharge chamber 64 to crank chamber 55 is formed 
by communication passageways 68, le, lg and 66, and the pressure relief passageway 
from crank chamber 55 to suction chamber 65 is formed by the gap between compressor 
main shaft 56 and bearing 77, gas chamber 84 and fixed orifice 83. In these discharge 
pressure supply passageway and pressure relief passageway, the flow of the gas 
supplied from discharge chamber 64 always becomes a one-way flow of discharge 
chamber 64 — ► displacement control valve 10 — ► crank chamber 55 — > gas chamber 84 
— + fixed orifice 83 — * suction chamber 65. In such a passageway structure wherein 
only a one-way flow occurs, for example, when the gas flow speed is in a low-flow 
speed range, on the way of the passageway, for example, at a position of bearing 77 or 
shaft supporting member 78 or a vicinity thereof, the flow is liable to stagnate, and 
accompanying with it, foreign matters in the gas are liable to accumulate. Such a 
foreign matter accumulation may cause an abrasion of, in particular, bearing 77 or 
compressor main shaft 56, and may damage the reliability of the compressor. 

Further, in the above-described variable displacement compressor 50, because 
two communication passageways of the discharge pressure supply passageway from 
discharge chamber 64 to crank chamber 55 and the pressure relief passageway from 
crank chamber 55 to suction chamber 65 are necessary, the processing of cylinder block 
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51 may become complicated. 

Disclosure of the Invention 

Accordingly, an object of the present invention is to provide a structure of a 
variable displacement compressor which enables a high-reliability displacement 
changing control with no foreign matter accumulation in a passageway provided for 
displacement control, and which makes it possible to simplify particularly the 
processing of a cylinder block. 

To achieve the above object, a variable displacement compressor according to the 
present invention has a discharge chamber, a suction chamber and a crank chamber, the 
compressor comprises a displacement control valve disposed at a position in a 
discharge pressure supply passageway capable of communicating with the crank 
chamber from the discharge chamber, and a fixed orifice disposed at a position in a 
pressure relief passageway communicating with the suction chamber from the crank 
chamber, and the displacement control valve is controlled in opening/closing operation 
to adjust a pressure in the crank chamber to control a piston stroke, wherein a part of 
the discharge pressure supply passageway and a part of the pressure relief passageway 
are formed as a common passageway communicating with an end of the crank chamber. 

In this variable displacement compressor, it is preferred that a part of the 
common passageway is formed as a passageway through a bearing for a compressor 
main shaft. Further, a structure may be employed wherein a part of the common 
passageway includes a gas chamber formed at a shaft end extended portion of a 
compressor main shaft. Furthermore, it is possible to form the fixed orifice in the 
displacement control valve. 

In such a variable displacement compressor according to the present invention, 
only when a valve body of the displacement control valve is operated in its opening 
direction, for a moment a flow from the discharge chamber side to the crank chamber 
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side occurs transiently, and usually a flow from the crank chamber side to the suction 
chamber side occurs. In the present invention, because a part of the discharge 
pressure supply passageway capable of communicating from the discharge chamber 
side to the crank chamber side and a part of the pressure relief passageway 
communicating from the crank chamber side to the suction chamber side are formed as 
a common passageway communicating with an end of the crank chamber, at this portion 
of the common passageway, a bidirectional flow occurs accompanying with the 
operation for the displacement control. Since this common passageway is formed by 
a gap between the compressor main shaft and the bearing, the gas chamber containing a 
bearing supporting member which is formed at a shaft end extended portion of the 
compressor main shaft, etc., the bidirectional flow occurs in these portions. By 
generating the bidirectional flow, even in a low flow speed range, foreign matters in the 
gas are not likely to be accumulated on the way of these passageway portions, thereby 
greatly increasing the reliability and durability of the compressor. 

Further, because the discharge pressure supply passageway portion 
communicating with an end of the crank chamber and the pressure relief passageway 
portion are formed as a common passageway, a portion to be processed as a passageway 
in the cylinder block decreases, and the processing may be simplified. By simplifying 
the processing, facilitation of the processing and cost down may be expected. 

Moreover, if the fixed orifice is formed in the displacement control valve, 
because it is not necessary to form a passageway reaching the fixed orifice in the 
cylinder block, it becomes possible to further simplify the processing of the cylinder 
block and to further reduce the cost. 

Brief explanation of the drawings 

Fig. 1 is a vertical sectional view of a variable displacement compressor 
including a displacement control valve according to an embodiment of the present 
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invention. 

Fig. 2 is an enlarged, partial, vertical sectional view of the variable displacement 
compressor depicted in Fig. 1. 

Fig. 3 is a vertical sectional view of a conventional variable displacement 
compressor. 

Fig. 4 is an enlarged, partial, vertical sectional view of the variable displacement 
compressor depicted in Fig. 3. 

The Best mode for carrying out the Invention 

Hereinafter, desirable embodiments of the present invention will be explained 
referring to figures. 

In the present invention, because the basic structures of portions other than a 
discharge pressure supply passageway and a pressure relief passageway of a variable 
displacement compressor are substantially the same as those depicted in Figs. 3 and 4, 
here, mainly the discharge pressure supply passageway and the pressure relief 
passageway will be explained. Figs. 1 and 2 depict a variable displacement 
compressor according to an embodiment of the present invention. In this 
embodiment, structures of discharge pressure supply passageway 101 and pressure 
relief passageway 102 are different from those shown in Figs. 3 and 4, and because the 
structures of the other portions are substantially the same as those depicted in Figs. 3 
and 4, the explanation thereof will be omitted by giving the same symbols as those of 
Figs. 3 and 4 to the substantially same portions. 

In a variable displacement compressor 100 depicted in Figs. 1 and 2, a discharge 
pressure supply passageway 101 is formed from discharge chamber 64 to crank 
chamber 55, which can communicate between both chambers, and a displacement 
control valve 10 is disposed on the way of this discharge pressure supply passageway 
101. A pressure relief passageway 102 is formed from crank chamber 55 to suction 
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chamber 65, which communicates between both chambers. 

Discharge pressure supply passageway 101 is formed by communication 
passageway 68 communicating from discharge chamber 64 to space 14, space 14, 
communication passageway le, valve chamber 6, the upper portion of through hole lc, 
communication passageway Id, space lg, communication passageway 103 
communicating from space lg to gas chamber 84 formed at the shaft end extended 
portion of compressor main shaft 56, and passageway 104 communicating from gas 
chamber 84 to crank chamber 55 through the portion provided with shaft supporting 
member 78 and a gap between compressor main shaft 56 and bearing 77. 

Pressure relief passageway 102 is formed by the above-described passageway 
104 from crank chamber 55 to gas chamber 84 through a gap between compressor main 
shaft 56 and bearing 77 and the portion provided with shaft supporting member 78, the 
above-described communication passageway 103 communicating from gas chamber 84 
to space lg, fixed orifice 105 communicating from space 1 g to pressure sensing space 
15, hole portion If, a space in containing portion 53a, and communication passageway 
67 communicating therefrom to suction chamber 65. 

Therefore, in this embodiment, space lg, communication passageway 103, gas 
chamber 84 and passageway 104 in discharge pressure supply passageway 101, and 
passageway 104, gas chamber 84, communication passageway 103 and space lg in 
pressure relief passageway 102, are formed as a common passageway capable of being 
used commonly. Further, in this embodiment, fixed orifice 105 is formed in 
displacement control valve 10. 

In the variable displacement compressor 100 thus constructed, only when valve 
body 5a is moved in its opening direction, transiently for a moment, a gas flow occurs 
from discharge chamber 64 side to crank chamber 55 side through discharge pressure 
supply passageway 101. At a usual time when valve body 5a is not moved in its 
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opening direction, a gas flow occurs from crank chamber 55 side to suction chamber 65 
side through pressure relief passageway 102. With respect to the above-described 
common passageway, these gas flows are flows counter to each other. namely, 
accompanying with the operation for displacement control of displacement control 
valve 10, a bidirectional gas flow occurs in the common passageway. By making the 
gas flow direction to be bidirectional, foreign matters are not liable to be accumulated 
in this common passageway. Therefore, even if the gas flow speed is low, foreign 
matter accumulation in this portion may be properly prevented. In particular, by 
preventing foreign matter accumulation in a gap between compressor main shaft 56 and 
bearing 77 and a portion provided with shaft supporting member 78, which have been 
considered to be likely to be accumulated in a conventional structure, abrasion in and 
damage to bearing and main shaft in these portions may be prevented, thereby greatly 
increasing the reliability and durability of the compressor. 

Further, because discharge pressure supply passageway 101 and pressure relief 
passageway 102 have a common passageway portion and the common passageway 
portion is formed particularly in cylinder block 51, the processing of passageways of 
the cylinder block 51 may be greatly simplified, as compared with a conventional case 
where two passageways were formed respectively in a cylinder block. 

Furthermore, although it was necessary to process an end of gas chamber 84 in a 
complicated form in order to communicate from gas chamber 84 to fixed orifice 83 in 
the conventional structure shown in Fig. 3, in this embodiment, because fixed orifice 
105 is formed in displacement control valve 10, the form of gas chamber 84 may be a 
simple form, and the processing of cylinder block 5 1 may be further simplified. 

Industrial Applications of the Invention 

In the present invention, a variable displacement compressor suitable for use in 
an air conditioning system for vehicles, etc. can be provided, and especially, a variable 
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displacement compressor, in which foreign matters do not accumulate in a passageway 
provided for displacement control and a high-reliability and high-durability variable 
displacement control is possible, and the processing of which can be simplified, can be 
provided. 
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